Objective: The study was designed to evaluate the clinical, endocrinological and radiological parameters used to investigate adrenal incidentalomas and select patients for surgery. Design and Methods: An analysis of 88 consecutive patients with adrenal incidentaloma selected for surgery and investigated in a single clinical center was performed. Results: Mean (6 S.D.) age of the patients was 53614 years. Fourteen (16%) of the adrenal incidentalomas were malignant tumors (2 adrenocortical carcinomas, 3 metastases, 4 adenocarcinomas, 4 sarcomas and 1 mesenchymoma), 10 (11%) were pheochromocytomas, 32 (36%) were non-secretory benign adrenal adenomas and the remaining were benign adrenal (n 8; 9%) or extraadrenal (n 24; 27%) masses. Endocrinological investigations revealed 1 Conn adenoma, 4 tumors responsible for Cushing's syndrome or silent hypercortisolism and 1 androgen secreting tumor. Abnormalities of endocrine evaluations were observed in the 2 malignant adrenocortical carcinomas. Elevated 24-h urinary metanephrine levels were observed in the 9 pheochromocytomas tested. Complications of surgery occurred in 14% of the cases. Regardless of the endocrine status, parameters associated with malignant tumors were: older age (mean age of patients harboring malignant tumors vs patients with benign incidentalomas: 62 6 17 years vs 52 6 13 years, P 0.005), weight loss (39% vs 7%, P 0.005), and mass diameter greater than 60 mm (69% vs 15%, P < 0.001). By multiple logistic regression analysis malignant tumors were associated with increased age, diameter greater than 60 mm and bilateral masses. Conclusion: This study points to a high rate of pheochromocytomas and malignant tumors in patients selected for surgery. This high rate differs from some previous reports and might be explained by the criteria used to select patients for surgery. Among these two groups of tumors, careful systematic endocrinological investigations allow the detection of altered secretion in the vast majority ± if not all ± malignant tumors of adrenal origin and pheochromocytomas. Only 5% of the incidentalomas below 30 mm selected for surgery in this study were malignant, in keeping with the use of this criteria as an important parameter to select patients with normal hormonal investigations for careful follow-up.
Introduction
With the increasingly widespread use of highly sensitive imagery, the accidental discovery of an adrenal mass by imaging study performed for an unrelated reason is a frequent clinical problem. The prevalence of an adrenal mass is up to 7.9% according to autopsy studies and 10.8% according to CT scan studies (1±4). The so called adrenal incidentalomas are frequently non-hypersecreting adrenal adenomas, but also occur as steroid secreting adenomas, pheochromocytomas as well as primary or secondary malignant tumors. The major potential disorders secondary to the evolution of an adrenal incidentaloma could be related to hypersecretion of steroids or catecholamines, or to tumoral growth or metastasis. As the incidentalomas are usually asymptomatic, the problem for the clinician is to perform the appropriate analysis to diagnose the malignant and the secretory tumors in order to de®ne the correct treatment.
Although several studies have been performed on the diagnosis of adrenal incidentalomas, many diagnostic and therapeutical strategies have been recommended. Most authors agree that larger masses and/or secretory masses should be removed because they are the most likely to be malignant or to cause symptoms secondary to steroid or catecholamine hypersecretion. An analysis of the correlation between preoperative investigations and pathological diagnosis performed in 88 consecutive patients studied and operated on during an 18-year period in a single clinical center was performed, in an attempt to de®ne the predictive criteria which would help establish a diagnosis and select the patients for surgery.
Patients and methods
Two hundred and eight patients with an adrenal incidentaloma were investigated in the Endocrine Department of the Ho Ãpital Cochin from 1978 to 1996. One hundred and eighty of the patients underwent complete clinical, radiological and hormonal evaluation in the department. There were 103 females and 77 males with ages ranging from 13 to 83 years.
The diagnosis was con®rmed by pathological examination in ninety-two patients, eighty-eight after surgery, three after percutaneous adrenal biopsy (the ®nal diagnosis was metastasis in the three cases and they were all patients with bilateral incidentalomas but who did not have a previously known malignancy) and one after autopsy (adrenocortical carcinoma). All pathological diagnoses were performed by the same pathologist (Dr A Louvel, Ho Ãpital Cochin). Patients were always selected for surgery when hormonal evaluation revealed a secreting tumor. When the hormonal evaluation did not show hypersecretion, patients were most often selected for surgery when the results of radiological investigations did not allow the ®rm con®rmation of a benign mass (diameter above 3 cm or non-homogeneous masses were the criteria most often used for this selection) or when a follow-up of the patient was dif®cult to organize. The 88 patients investigated in our center and operated on were selected for this analysis.
Adrenal incidentalomas were evaluated by an abdominal ultrasound (n 2), abdominal CT scan and/or magnetic resonance imaging (n 86). In the unilateral lesions, the largest diameter was considered. In the patients with a bilateral incidentaloma, the diameter of the largest mass was considered.
Endocrinological studies
Investigations were performed in the Endocrine department according to a routine standardized procedure. The secretion of glucocorticoids was assessed by measurement of plasma cortisol levels at 0800 h and 2000 h and of 24-h urinary free cortisol (UFC). The plasma level of cortisol was assessed at 0800 h after the overnight dexamethasone (DXM) suppression test (1 mg), and UFC was assessed after low dose (2 mg per day) dexamethasone suppression test. Cortisol plasma levels were assessed before and after adrenocorticotropin (ACTH) stimulation test (ACTH(1±24), 250 mg i.m.). Androgen secretion was evaluated by measurement of plasma testosterone, androstenedione and dehydroepiandrostenedione sulfate (DHEAS), estradiol secretion by the measurement of plasma 17b-estradiol, mineralocorticoids secretion by the measurement in the supine and upright position of plasma renin activity or plasma renin level and plasma aldosterone. Plasma 17-hydroxyprogesterone (17OHP) and the 24-h urinary excretions of metanephrines were also assessed. Plasma cortisol was assessed by a competitive protein-binding assay (5, 6) . The other plasma steroids and urinary cortisol were assessed by speci®c radioimmunoassays in routine use at the time. Urinary metanephrines were assessed by high performance liquid chromatography (7) .
Statistical analysis
Data are reported as means 6 S.D. Wilcoxon test and Chisquared tests were used to compare groups with and without malignancy. Two tailed P values were used. Odds ratios (OR) and 95% con®dence intervals (CI) were used to describe the association between malignancy and potential risk factors. Unconditional multiple logistic regression models were used to study the effect of several factors simultaneously. A forward stepwise procedure was used to include in the ®nal model only the factors with signi®cant explanation of outcome (enter and remove P values 0.05). The computations were performed using the SAS package (SAS Institute Inc, Cary, NC, USA, 1990).
Results

Histological diagnosis and patients' characteristics
In this group of 88 patients investigated in our center and selected for surgery, 14 (16%) of the lesions were found to be malignant, 10 (11%) were pheochromocytomas and the remaining were benign masses (Table 1) .
These incidentalomas were detected in the following ways: medical check-up for a non-endocrine disorder (31%), pain syndrome (16%), gastrointestinal symptoms (14%), urinary symptoms (11%), hepatic symptoms (7%), and others (21%). Both sexes were almost equally represented (48 females and 40 males). The mean (6 S.D.) age was 53614 years, the youngest being 13 and the oldest 80. There was a greater incidence of benign adrenocortical adenomas and malignant lesions in patients over 50 ( Fig. 1) . Nine of the patients were diabetics (10%) and this parameter did not correlate with the diagnosis of the adrenal mass. Thirty-eight patients had hypertension (43%) while this was present in only 30% of pheochromocytomas. Weight loss greater than 10% was found in ten patients (11%). Seven patients had a previous history of neoplasm (8%), only one of whom had a metastatic adrenal lesion. This patient had a previously known colon cancer but the adrenal incidentaloma was a kidney cancer. Therefore, in this group of patients selected for surgery we did not observe any adrenal incidentaloma corresponding to metastases of a previously known cancer.
Pre-operative complications were observed in 4 patients: 3 patients with pheochromocytoma (hypertensive crisis, supraventricular arythmia, and death from cardiac arrest) and 1 patient with adrenocortical carcinoma (hemorrhage). Postoperative complications were observed in 8 patients: 6 patients with benign incidentaloma (2 abscess, 1 pneumothorax, 1 secondary peritoneal bleeding, 2 pulmonary embolism) and 2 patients with malignant disease (1 pancreatic ®stula and 1 pneumonia). No complication was observed in 76 (86%) of the patients.
Endocrinological results (Table 2) Endocrinological studies revealed a hyperaldosteronism corresponding to an aldosterone producing adenoma, and one case of Cushing's syndrome corresponding to one adrenocortical adenoma. Silent hypercortisolism, de®ned as abnormal cortisol rhythm associated with an insuf®cient cortisol suppression during low dose dexamethasone test was observed in three patients, two adrenocortical adenomas and one adrenocortical carcinoma. The only endocrine alteration observed in the second adrenocortical carcinoma case was a very slight increase in plasma testosterone levels in a female patient (0.7 ng/ml). Taken singly, an abnormal cortisol rhythm or an abnormal overnight or low dose dexamethasone test was not speci®c to an adrenal lesion. They were observed in adrenocortical masses as well as in nonadrenal masses. Of the four adrenal hyperplasias, two were purely histological with normal basal 17OHP, the two others showed a clear increase in basal 17OHP. DHEAS levels were low in 56 cases (64%), 26 of which (46%) corresponded to extra-adrenal masses. A moderate increase in plasma testosterone and 17b-estradiol was found respectively in 7 and 8% of the cases, none of which had any secreting lesions except for an adrenocortical carcinoma. A decrease in the cortisol response to ACTH stimulation was found in ®ve cases; one of these was a severe adrenal insuf®ciency (cortisol peak 87 ng/ml) and was a case of adrenal congenital hyperplasia. In the other four cases, the insuf®ciencies were moderate (cortisol peak between 146 to 202 ng/ ml) and corresponded to unilateral lesions. In the nine pheochromocytomas tested, an increased 24-h urinary metanephrine level was observed.
Morphological results
The average size of the 88 incidentalomas was 50630 mm. Eighteen lesions (20%) were smaller than 30 mm, ®fty (57%) were between 30 and 60 mm, and twenty (23%) were larger than 60 mm. The size distribution according to the pathological diagnosis is shown in Fig. 2 . It must be noted that CT scan, compared with measurement by the pathologist, led to an underestimation of lesion size in 63% of the cases (with a 10% margin of error).
Parameters associated with malignancy
Mean patient age was higher in those harboring malignant masses (62617 years vs 52613 years, P 0.005). Weight loss was more frequent in patients with malignancy (39%) than in the others (7%, P 0.005). Bilateral adrenal masses were more frequent in neoplastic than in benign masses (23% vs 12%), but this was not signi®cant (P 0.3). The malignant adrenal masses were in the above 60 mm group in 69% of the cases, while only 15% of the benign masses were above 60 mm (P < 0.001). A size above 114 J P Luton and others
EUROPEAN JOURNAL OF ENDOCRINOLOGY (2000) 143
www.eje.org Plasma cortisol normal value 0800 h: 100±200 ng/ml, UFC: normal value <90 mg/24 h, plasma cortisol after 1 mg DXM supression test: normal value <40 ng/ml, UFC after 2 mg/day DXM during 2 days: normal value <10 mg/24 h, plasma cortisol after 250 mg ACTH(1±24) i.m. injection: normal value >210 ng/ml, 17OHP normal value in male: 1.5±2.8 ng/ml, in female: 0.7±3.5 ng/ml, DHEAS normal value in male: 0.8±3.3 mg/ml, in female: 0.9±2.8 mg/ml, plasma testosterone normal value in male: 4±10 ng/ml, in female 0.2±0.6 ng/ml. For the aldosterone producing adenoma (AA) renin plasma levels were undetectable on clinostatism and orthostatism, aldosterone plasma level was 176 pg/ml on clinostatism (normal value 24±68 pg/ml). 2 ) most accurately ®tted the relationship between age and the risk of malignancy, re¯ecting an excess risk at the two extremities of adult lifespan (below 30 and above 60 years).
Discussion
The 88 adrenal incidentalomas of this study illustrate the various differential diagnoses of incidentally discovered adrenal masses. These incidentalomas were diagnosed as benign and secreting adrenocortical lesions in 5%, pheochromocytomas in 11%, and malignant lesions in 16% (2% adrenocortical carcinomas, 3% metastases and 11% malignant extra adrenal masses) of the patients. The frequency of pheochromocytoma, benign and malignant adrenocortical lesion is quite similar to some previous reports but the rate of malignant tumors is often lower than in our study (2, 3, 8±13) . This might be explained by the selection procedure of the patients before surgery. Metastases were reported previously at highly variable rates, that could rise as high as 52% in neoplasic patients (9, 11, 13±17) . It should be noted that bilateral masses are notable for their extremely variable etiologies in our study. Bilateral masses in our patients proved to be metastases in a minority of the cases. However, a very high proportion of metastases are bilateral in the patients selected for surgery and the 3 patients in whom a percutaneous cytodiagnostic was performed. We observed a high proportion of malignant extra adrenal masses, which were located in the adrenal space and included the adrenal gland because of their great size. These tumors, which have not been much described, are real traps for diagnosis. Although they do not meet most author's de®nition of an adrenal incidentaloma, they nonetheless have the appearance of incidentalomas and involve the same dif®culties for diagnosis. The average age of the 88 patients, at 53, is lower than those usually reported (8±21). Hypertension, which was found in 43% of the patients, is also often reported in the literature at a higher frequency than in the overall population. The prevalence of diabetes is not any higher, contrary to what is generally assumed.
The diagnosis of secreting tumors requires careful endocrinological investigation. The assay of 24-h urinary free cortisol and a dexamethasone suppression test are required for the diagnosis of cortisol secreting adrenocortical tumors. The criteria de®ning silent hypercortisolism adrenocortical adenoma are dif®cult to establish. Taking this into account, only one abnormality of the adrenal axis does not seem to be enough for a diagnosis of silent hypercortisolism. Indeed, abnormalities of the adrenal axis were observed in some cases of non-adrenocortical masses (22) . Some authors have reported silent hypercortisolism in up to 10% of adrenal incidentalomas, using various criteria (23±31). We found a much lower rate, of 3%, using as a de®nition a combination of abnormal cortisol rhythm and absence of cortisol suppression during low dose dexamethasone test. The radiocholesterol scintigraphy could be put to good use here, as a helpful tool for diagnosis (32±34). Concerning the level of DHEAS, it is reported as being low in the benign adrenocortical lesion and high in adrenocortical carcinoma (35, 36) . We did not observe this result. It should be noted that there is no correlation in any of these studies nor in ours between the level of DHEAS and the age of the patients, which could have a part in these negative results (37) . This suggests that the assay of DHEAS is not very helpful for routine investigation of adrenal incidentaloma. However, elevated DHEAS levels, in particular when associated with increased testosterone levels, might suggest a malignant adrenocortical tumor. In the presence of bilateral adrenal lesions, an ACTH stimulation test should be performed to detect an adrenal insuf®ciency. This was found in two cases of adrenal metastases diagnosed by percutaneous cytodiagnosis (data not shown). For bilateral masses, plasma levels of 17OHP are also useful in the detection of congenital adrenal hyperplasia, as in two cases studied here and in previous reports (38±40). It is necessary to measure urinary metanephrines to detect a pheochromocytoma that is usually asymptomatic in patients with an adrenal incidentaloma. Considering the high rate of pheochromocytoma (11%) and the potential dramatic consequences of catecholamine hypersecretion, a urinary 24-h metanephrine assay should be recommended in patients presenting with adrenal incidentaloma, in particular when surgery is chosen. In our study, 24-h urinary metanephrines were always elevated when assayed in pheochromocytomas. Considering the high complication rate observed during surgery of pheochromocytomas in this study, the preoperative diagnosis of pheochromocytoma is very important. Careful endocrinological evaluation in our study allowed the diagnosis of all the adrenocortical hypersecretory or pre-toxic tumors and pheochromocytomas. The results of endocrinological investigations revealed cortisol or testosterone hypersecretion in the two adrenocortical carcinomas. Nevertheless, only a slightly increased testosterone level was observed in one of these adrenocortical carcinomas which might have been diagnosed as a non-secretory tumor if testosterone levels had not been assayed.
Except for adrenocortical carcinoma, endocrinological evaluation does not contribute very much to the diagnosis of malignant tumors. Malignancy was signi®cantly associated with age, weight loss, and increased tumor size. After multivariate analysis, bilaterality was also associated with malignancy. The rate of malignant tumors increased in patients older than 60 years. Concerning the size of the adrenal masses, it was impossible to ®nd a threshold below which a lesion would be benign. For instance, a 25-mm diameter tumor was a malignant sarcoma. But a diameter above 60 mm was signi®cantly associated with malignant tumors. This increase of malignancy with size has been reported by many authors (3, 11, 13, 21) , although some malignant lesions smaller than 3 cm, particularly adrenocortical carcinoma, have been reported (9, 13, 41) . It must be noted that the incidentaloma size determined by imagery should be assessed with care because size was often underestimated in our study, as well as in the literature (42) . In this study, almost all incidentalomas smaller than 30 mm were benign masses (17/18). Therefore, surgery might not have been performed in the vast majority of such patients but in this case a careful follow-up is mandatory. With incidentaloma size between 30 and 60 mm, the percentage of malignant tumors increases and selection of the patients to operate or not is more dif®cult. Laterality, age, and weight loss together with a careful analysis of radiological investigations are important parameters to take into account. Other criteria, such as, for instance, the lipid content, could be considered as an important parameter for the diagnosis (13±16, 41, 43±49). The latest advances in radiological and nuclear imaging technology will probably be extremely helpful to clinicians in handling adrenal incidentalomas (49±52).
In conclusion, this study of 88 adrenal incidentalomas evaluated and operated on in a single center illustrates the relatively high rate of malignant tumors (about 16%) and pheochromocytomas (about 10%) which both require a speci®c treatment, including, in most cases, surgical removal. Careful endocrinological evaluation of steroids as well as metanephrine secretion allow one to identify the secreting tumors. Malignancy is often dif®cult to exclude and should be strongly suspected with increased age, weight loss, bilateral masses and diameter above 60 mm. Considering that even with the recent progress in adrenal surgery complications can always occur (14% of our cases in this retrospective study), a careful selection of the patients is important. A unilateral non-secreting mass below 30 mm would rarely be a malignant tumor (1/18, 5%, in our study). The small incidentalomas might be selected for follow-up when careful analysis of clinical, hormonal and radiological investigations do not show any signs suggestive of a malignant tumor.
